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Abstract

Thisisan interim user’s manual for current procedures used in the Vehicle Analysis Branch at
NASA Langley Research Center, Hampton, Virginia, for launch vehicle structural subsystem
weight estimation based on finite element modeling and structural analysis. The processis
intended to complement traditional methods of conceptual and early preliminary structural design
such as the application of empirical weight estimation relationships or application of classical
engineering design equations and criteria on one dimensional “line” models. Functions of two
commercially available software codes are coupled together. Vehicle modeling and analysis are
done using SDRC/I-DEAS, and structural sizing is preformed with the Collier Research Corp.
HyperSizer program.
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1. Introduction

This document serves as an interim user’ s manual for current procedures used in the Vehicle
Analysis Branch at NASA Langley Research Center for launch vehicle structural subsystem
weight estimation based on finite element modeling and structural analysis.

A general overview of the weight estimation procedure is presented first. It isfollowed by a
detailed description of the procedure with recommendations on how to deal with the design
process.

2. General Overview of the Weight Estimation Procedure

The process described in this report is based on application of finite element (FE) modelsto
estimate weight of typical cylindrically shaped launch vehicles. The processis intended to
complement traditional methods of structural design such as application of empirical weight
estimation [1] or application of classical engineering design equations and criteria on one
dimensional “line” models. Because of the requirement of fast turn-around at the early stage of
vehicle design this method utilizes relatively simple three dimensional finite element models for
structural weight estimation of the new and untested launch vehicle concepts.

The ultimate objective of this effort isto generate a procedure to automate structural weight
estimation for new vehicle designs and to reduce the interaction required from analysts/designers
to a“reasonable level” during theinitial design stage. This procedure could further be integrated
with other design disciplines, such as propulsion, trgjectory analysis, aero and thermo analysis,
into a unified code/procedure that would produce an initial launch vehicle candidate design with
the low effort and in a short time.

The genera outline of the procedureis shown in Figures 1 and 2. Vehicle geometry and
preliminary structural weights and system weights are defined first from other sources such as
The CONfiguration SIZing Program [1]. The vehicle geometry and finite element model meshing
isdonein I-DEAS[2]. Preliminary vehicle mass from CONSIZ is discretized and lumped to the
FE model through a process which uses EXCEL spreadsheets and a JAVA program. External
loads are modeled next. These are loads used to represent basic lift, thrust, control and tank
pressure forces which are later combined and scaled to create vehicle design conditions. Inputs
from different sources are compiled (such as from atrgjectory program) and then the actual
design load cases are created using a procedure based on integration of I-DEAS, EXCEL
spreadsheets, text filesand a JAV A program. The net result of this processis alumped
mass/mass-less shell element FE model with proper boundary conditions and static loading ready
for alinear static solution.

The structural sizing part of the procedure consists of an initial sizing run which produces first
estimates of vehicle stiffness and structural weight. After this, the user needs to iterate the



analysis and sizing runs until desired convergence of vehicle weight is achieved. Convergence
satisfies the iterative nature of calculating new strucutural elment sizes and letting this new
element definition influence the vehicle mass and stiffness matrices. Static analysisis performed
inside I-DEAS and results are exported to the sizing program. HyperSizer [3] sizes the vehicle
shell panelsto support internal running loads imported from I-DEAS. The outcome of thisisa
consistent mass shell vehicle ready to be imported back to I-DEAS for anew set of static
analyses.

Once the iteration between I-DEAS and HyperSizer produces sufficiently converged vehicle
structural weight, the process ends. Updated stiffened skin theoretical structural weights can then
be modified from the theoretical state to the “as-built” weight and exported to other disciplines
in the vehicle design process (such as back to CONSIZE).
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Figure 1. General outline of the procedurefor structural weight estimation
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3. Detailed Overview of the Weight Estimation Procedure

The whole procedure consists of the following major sub-procedures:
» Geometry and Finite Element Modeling,
» Externa Loads Modeling and Load Balancing,
» First Static Analysis and Structural Sizing,
* lterative Static Analysis and Structural Sizing.

The flow chart of the detailed procedure isillustrated in Appendix A. Table 1 summarizesthe
software and programs used in this procedure.

Table 1. Softwar e used to estimate vehicle weights

Software Application
I-DEAS Geometry and finite element modeling;
static analysis.
HYPERSIZER - Preliminary vehicle stiffness
definition;
- element sizing.
I-DEAS programs Geometry and finite element meshing;

physical property assignment to finite
elements; lump mass distribution to
finite elements. General CAD/CAE
tasks.

JAVA programs Associates finite element grids to lump
masses; combines force and pressure
loads. General manipulation of the
ASCII file representation of the FEA
entities.

EXCEL spread sheets Summarizes system weights and
associates them with finite element
grids; combines “unit loads’ into flight

loads.

EXCEL spread sheet-solver Flight load balancing.

Text files Lump mass processing; force and
pressure processing.

3.1. Geometry and Finite Element Modeling

Theinitial estimates of vehicle weights and geometry have to be acquired from other sources
such as the CONSIZE program. Appendix B isalisting of output from CONSIZE that contains a
breakdown of system weights into multi-level sub-system weights. This output also contains



general design data and vehicle parameters with geometry information that serve as the starting
point for the structural analysis.

Vehicle modeling is further divided into the following three interdependent tasks:

* Vehicle Geometry and Mass-less Finite Element Modeling Task,

* Vehicle Lump Mass Modeling Task,

* Vehicle Preliminary Stiffness Definition Task.
The final product of these three tasksis avehicle finite element model built of mass-less shell
elements and nodal lumped masses whose total weight equals the vehicle weight less the weight
of main propellant. The user will notice the absence of other types of finite el ements, such as
beam elements, which one would expect to be present in the model beside stressed skin. The
inclucsion of beam elements is a complication to the procedure as it currently stands and is being
worked as a future enhancement.

3.1.1. Vehicle Geometry and M ass-less Finite Element M odeling Task

In this task vehicle geometry is generated at the structural component sub-assembly level such as:
fuel tank, vehicle nose, inter-tank assembly, payload bay, thrust structure, wing, tail and winglets.
Those CAD surfaces are then meshed into finite el ement models of the sub-assemblies. The
whole modeling process can be done either in asingle I-DEAS Model file or in separate Model
files.

At this stage of the modeling process, finite elements do not have mass and the stiffnessis
defined as for a0.001 inch thick steel element with the following material properties: modulus of
elasticity of 3 x 10 Ib/in?, Poisson’sratio of 0.29 and mass density is 0.0 |b sec?/in®. Selection of
steel and thickness was quite arbitrary.

The finite elements are then organized into groups of panels. Each shell finite element in the
panel has the same physical property name assigned to it in I-DEAS. These panels are the
smallest structural entities that may be later on analyzed and sized in HyperSizer. Panels
represent distinct regions of a single set of manufacturing sizes. For example, a stiffened skin
panel may be made up of many elements but each element will have the same stiffener
arrangement and gage sizes as any other in the panel. In HyperSizer these panels are called
"components'. It isimportant that this process of associating the physical property namesto the
elements produces physically meaningful panels. Naming the physical properties and associating
them with proper elementsis therefore a very important step in the vehicle design process.

The user has three options to do vehicle geometry and mass-less finite element modeling tasks at
the sub-assembly level in I-DEAS.

1. Create geometry and do meshing with the help of ready-made I-DEAS Program files.

2. Create geometry and mesh datausing the I-DEAS Graphical User Interface (GUI).

3. Useavailable sub-assembly geometry modelsin so caled I-DEAS "parametric form" and
mesh them manually.



The first method is the ssimplest but least accurate one. The fusel age sub-structures are built of
the simplest geometric entities such as cylinders, ellipsoids and frustum of cones. Figure 3
illustrates these sub-assemblies. Appendix C contains atypical I-DEAS Program file for afuel
tank that is used to generate geometry and finite elements for aliquid oxygen tank. The
advantage of this method isthat it is simple to apply. The disadvantage is that it does not cover
more complicated shapes such as a droop nose.

This method can use an I-DEAS program for automated property assignment. This program is
listed in Appendix D. The program runs interactively inside I-DEAS and requires the following
information be provided by the user:

» Starting element number,

» Ending element number,

* Number of elements per property card,

* Property prefixes string.
The program assigns a physical property to the consecutive elements in the model. It allows
further division of the sub-assembly with properties grouped around physically meaningful
structural entities such as fuel tank bulkheads and barrels. 1t iswell suited for simpler shapes
such as fuel tanks, inter-tank adapters, simple nose sections and thrust structure. It should not be
used for wing-like sub-assemblies and for complex shapes such as a droop nose.
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The second option allows the user full capability of the IDEAS GUI environment. Geometry,
meshing and property assignment data for individual parts must be completed. The rest of the
process is general enough such that user defined components can be anlayzed. A disadvantage to
this method is that automation of man-in-loop process flow is not desireable.

The third method is sort of a mixture of the prior two. Prior part models of shapes more complex
than have been used viathe first method are stored in an IDEAS Library. These parts are
retrieved with appropriate dimension values applied. A typical complex shape — droop nose
section is shown in Figure 4 with variable geometric parameters shown in the figure. The library
of so called I-DEAS “parametric models’ could be generated ahead of time. One disadvantage of
this method is that the Part Coordinate System may not be aligned with the I-DEAS Global
Coordinate System and this may cause some problems in the ensuing steps if not taken care of
(see Note in Figure 3a).

After al sub-assemblies have been created, they have to be assembled together into avehicle
assembly finite element model. Firstly, every sub-assembly model has to be exported from the
I-DEAS Model Filein Universa file format. The Universal files are then read into a new Model
file one by one. Sub-assemblies generated from the parametric models should be imported last
because of a problem with their coordinate system. This process will create new partsinside the
Model file associated with each sub-assembly. Each part has also afinite el ement model
associated with it. The FE models are separated and need to be assembled and appended into a
vehicle assembly model. This process generates afew identical nodes at the interfaces between
the parts. These nodes must be “equivalenced” (i.e. merged together) to provide structura
continuity between the parts. Note that this assembly process was created in IDEAS V6. New
code features, such as assembly FEA modeling in I-DEAS, may be taken advantage of aslong as
the intent of the process presented here is preserved.

Transition section length

30,000

Nose length

Droop angle

<-#,811>
Al

Nose radius

Figure 4. Droop nose geometry



Connection between the wing and fuselage is modeled with Rigid Links or mass-less FE Beams
with realistic stiffness properties. These elements will not be sized in HyperSizer and arein the
model only to transfer load from the wing or tail surfacesinto the fuselage. The detail of such a
connection is shown in Figure 5. Care should be taken such that the rigid links tend to simulate
phyisical connections that the joined parts would see in an actual assembly.

Rigid Link/Beam

Connection (typ.)

Figure5. Rigid link or mass-less beam connection between wing and the fuselage

Finally, the model hasto be prepared for preliminary vehicle weight definition and distribution.
Densities of al materialsin the model must be zeroed. Finite element nodes can be grouped into
gpatia groups which should correspond to the different vehicle systems listed in the CONSIZE
output of Appendix B. The spatial grouping should be done so that the center of gravity of the
group is as close as possible to the location of the center of gravity of particular system defined in
CONSIZE output. The group names should be different from element property names.

The final product of thistask is avehicle finite element model with no mass and with arbitrary
stiffness. Appearance of such amodel is shown in Figure 6. This model has to be exported in
I-DEAS Universal file format and will be used as an input file during the process of preliminary
vehicle mass definition.



Figure 6. Finite element model of alaunch vehicle

3.1.2. Vehicle Lump Mass Modeling Task

System weights from CONSIZE output (see Appendix B) have to be mapped to appropriate finite
element grid points. This can be done in two steps. Firstly, weights are parsed either to the groups
of grid points or to the region of grid points in the EXCEL spreadsheet. Text file format of such a
spreadsheet is shown in Appendix E and the abbreviated form of that file is shown in Table 2.

Thisfilewill be used as input into a JAV A program that maps the weights from CONSIZ to I-
DEAS nodal masses.

Table 2. Abbreviated form of a CONSIZE_MOD Text file

CONSIZ FEA Group | Waeght Mapping X Begin X END
Component (Ibs) (inch) (inch)
begin_components
vert_fin vertical_tail 4041 component 0 0
payload bay fuselage side 6086 fofx 1574 1974

end_components

10



This spreadsheet/text file must begin with the statement “begin_components’ in the first column
and it must end with the statement “end_components” in the same column. Between these two
statements, the user may establish the relationships between weights copied from the CONSIZE
output and the finite element nodes. The first column also contains vehicle system CONSIZE
names for areference purpose only. Finite element model groups must be entered in the second
column precisely the same way they were named in the model. Thereis one naming rule for the
CONSIZE Component and the FEA Group:

* the CONSIZE Component should not be named the same as any finite element Physical

Property Set data.

The “Weight” column contains the weights in pounds from CONSIZE. The user has two options
to map the CONSIZE weight onto model nodes. The “component” entry in the “Mapping”
column will allow the JAVA program to map, for example, 4041 Ibs of vertical fin weight to all
nodes contained in the FE group “vertical_tail”. Thus, the weight will be spread in form of
lumped masses to all nodes of the particular group. The “fofx” entry will instruct the program to
spread the weight only on the sub-set group of nodes which starts at location X-Begin inchesin
the I-DEAS Globa Coordinates and ends at X-End. For example, the payload bay weight of 6086
Ibs will be mapped between Station 1574 and Station 1974 on all nodes belonging to a group
named the “fuselage side’. Note that the nodal mapping is currently slightly inaccurate as mass
will tend to concentrate where nodal density concentrates. Future versions of the process intend
to use an areal spreading of the component masses and cal culate nodal masses based on such a
distribution.

Next, the user has to run the JAV A program “consiz2unv” to distribute vehicle weights
according to the mapping plan set in the spreadsheet. This program requires two files asinput: a
atext version of the EXCEL mass mapping datafile, and a Universal file created from the
current I-DEAS Model file. The output from this program is an I-DEAS Program file with
vehicle masses lumped at model nodes. The last step in thistask is to run the Program file inside
I-DEAS to add the lumped masses to the model. Appendix F liststhe JAVA code command to
run the program. Parameter $1 of thisinput command is the name of the universal file, $2 isthe
mass mapping data file, and $3 is the name of a mass assignment program file that will be
created.

Thefina product of thistask is vehicle finite element model with all dry vehicle mass lumped at
the nodes. The weight of the main fuel will be modeled as atime dependent pressure loading
condition. A good check that all mass has been assigned to the I-DEAS finite element model isto
check the model inertia propertiesin the I-DEAS Moddl file.

3.1.3. Preliminary Vehicle Stiffness Definition Task

At the end of thistask all shell finite elements will have default stiffness properties assigned to
them. The tasks consists of the following three steps.

Static analysis of the vehicle model exposed to an arbitrary load and restraint condition has to be
donefirstin I-DEAS. This analysis may be “arbitrary” because HyperSizer will first be runin an
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analysis (not sizing) mode to setup initial element stiffnesses. The goal of thisanalysisisonly to
create an I-DEAS model in Universal file format which is readable by HyperSizer. Application of
loads and boundary conditions isirrelevant in the sense that the loading condition is unimportant
to HyperSizer at this point but it is necessary to keep the Universal filein aformat HyperSizer
can deal with. The finite element model and results of this analysis should be in “Inch (pound f)”
units. Before running the static solution analysis “ Element Force” and “ Shell Stress Resultant”
should be selected as output resultsin I-DEAS. A Universa file with the model and the resultsis
exported after the analysis.

Stiffness definition takes place in HyperSizer. The user is encouraged to read the HyperSizer
Manual for detailed instructions on how to run the program in conjunction with I-DEAS finite
element analysis. The procedure flow chart in Appendix A may be used as aguide for this
particular process. The Universal file from the previous step has to be imported into the
HyperSizer database. A vehicle material and a sandwich panel as a structural family need to be
selected next. Note that HyperSizer offers a large selection of structural panel design concepts
(i.e. families). For ssimplicity the current procedure uses only sandwich panels. Thisis an obvious
limit of the procedure and can be overridden as the user gains expertise with HyperSizer and |-
DEAS. All HyperSizer Components (where a Component is a group of shell finite elements with
same physical propertiesin I-DEAS) need to be grouped into a single HyperSizer Group. The
sandwich panel thickness of the Group needs to be defined. A default thickness of oneinchis
recommended (0.1 inch for the face sheets and 0.8 inch for the core). The Group variable (i.e.
thickness) range should be set to a single value and permutation set to one. Thisis because there
will not be asizing run at this stage in the procedure. After setup of the HyperSizer model is
complete and the program analysis option has been executed the properties and materials (i.e.
stiffness and weights) of Components are exported by HyperSizer in 1-DEAS Universal file
format. Note that the I-DEAS Universal file output is generated only when the entire Project is
analyzed.

Before reading the Universal file into anew I-DEAS Modd file the consistent mass matrix of the
shell elements has to be edited out. The updated vehicle FE model has preliminary stiffness
defined for all mass-less shell elements, and al preliminary structural weights and system
weights (with the exception of the main fuel weight) are modeled as lumped masses.

3.2. External Load Modeling and L oad Balancing

The user must define a set of design load conditions that the vehicle model will be subject to.
These load conditions may be such as: vehicle on the pad, liftoff, maximum dynamic pressure in
flight, maximum thrust, main engine cut-off, re-entry and so on. Table 3 listsa set of load cases
typically used for weight estimation. Information about these loads may be available to the user
from different sources and programs.
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Table 3. Design conditions

1) Proof

2) 10 day wind on pad

3) 1 day wind on pad

4) liftoff

5) Max Q

6) Max Fn

7) Max Axial acceleration
8) Subsonic Entry Manever
9) Main-Gear Touchdown
10) All -Gear Touchdown
11) Ground Handling

The procedure to create design loads is based on so called "Unit Load Sets* which are the
simplest load building blocks of the design loads. Unit load sets are scaled, combined and
balanced to create the actual design case loads listed in Table 3. The design loads are then used in
the static analysis for element sizing. The process of creating design loads consists of severa
tasks (see Appendix A):

* Generation of the Unit Load Sets,

» Combination of the Unit Loads into flight loads and load balancing,

» Processing of force and pressure loads,

* Final assembly of loadsinto load conditions.

3.2.1. Unit Load Set Task

The most basic load sets are built in thistask in [-DEAS. Their formulation and modeling is left
to the user’ s decision as long as the user is applying them consistently though the rest of the
procedure. They may be defined as a unit pressure of 1 (psi) per element, asillustrated in Figure
7 for the “unit” wing lift, or asaunit force of 1 pound distributed to all thrust structure end
bulkhead rim nodes. The Unit inertial loads are defined as properly oriented 1 G linear
acceleration. The Unit rotational acceleration may also be defined. These load sets will be used
whenever flight conditions require modeling of 1oads with variable magnitude.

13



1 psi Unit load

g

Figure 7. Unit Load for wing lift

Some loads may be modeled either as a unit load or they may be modeled with actual magnitude.
Wind pressure on the vehicle on alaunch pad is aload that often is modeled as a precal cul ated
input surface pressure.

The fuel head pressure on the tank walls can not be modeled as a scaleable unit load. It must be
modeled separately for each flight case That is because it is a time dependent load due to the
continual use of fuel and changing acceleration vector throughout the ascent trajectory. Figure 8
shows resulting pressure vectors on atank wall as calculated for atypical fluid acceleration
condition. Appendix G lists an I-DEAS Program file for automatically creating tank head
pressure loads. Table 4 shows the input part of the same file with input lines that have to be
edited by the user. Note 5in Table 4 indicates that all tank finite elements must be grouped in the
I-DEAS Modél file in appropriate tank groups.
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Figure 8. Tank head pressure
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Table 4. Input linesfrom a tank head pressure modeling |-DEAS Program file

C: Start USER | NPUT

C : position positive point on neg side to reverse pressure sign

K : /options global _synbols on

K: enter |dst_nane

K: yes

K: "l'h2_40%2.93 0 _0.17" This is a nanme of the |oad set as

it will appear inside |-DEAS

K : /options global _synbols on

K: enter grp_nane

K: yes

K: "l'h2 tank _elenents" This is a shell elenents group name
whi ch nmust be identical to the one
previously defined in |-DEAS
See Note 5) bel ow.

K: # ullage= 0O

K: # rho_g=.0075042 See Note 3) bel ow.

C : Vehicle accel eration

K: # ax=-2.93 See Note 2) bel ow.

K. # ay=.0

K: # az=-0.17 See Note 2) bel ow.

K: # declare pos(3)

K: # pos (1)=1441. See Note 1) bel ow.

K: # pos(2)=.0

K: # pos(3)=.0

C : END USER | NPUT

Following are the instructions how to organize input in that file.

1. Establish amount of fuel that remainsin the tank and position of the fuel surface along the
vehicle centerline in the Model Global Coordinate System.

2. Determine components of axial acceleration (i.e. along vehicle axis) and normal
acceleration (i.e. Z axis of Figure 6). Express these componentsin unit gravitational
acceleration (Gs).

3. Caculate magnitude of the resultant acceleration in Gs and multiply that number with
fuel density in Ib/in3.

4. RuntheProgramfile.

5. Two head pressure regions will be generated. The first oneis a*“wetted” region which

covers correct fuel tank elements bellow the fuel surface line (see Figure 8). The second
region of elementsis the erroneous one and it has to be graphically edited out in the
I-DEAS Moddl file. Thisregion is easily identifiable because the pressure arrows are
directed in the opposite direction from those shown in the “wetted” region.

These Unit Load Sets are applied one at the time to the free-free FE model of the vehicle and
static analyses are performed. I-DEAS Listing text files (.lis) and a Universal file (.unv) from
these runs are saved for the next steps. The Listing files contain sum of applied loads and
moments along the reference (Global) axes and the origin respectively (see Table 5).

15



Table 5. Unit Load run resultsin an |-DEAS Listing file

NET APPLI ED LOAD FOR LOAD SET 6 - LH2 | PSI | NTERNAL PRESURE
FX = -3.61899D-11, FY = 4.60200D+05, FZ = -2.24052D 10
MX = -3.17788D-09, My = -3.42105D-08, MZ = 4.22512D+08
MOVENTS TAKEN ABOUT THE ORI G N

3.2.2 Combination of Unit Load Setsinto Flight Loads and L oad Balancing

Thisisthefirst stage during which the unit loads are combined and actual vehicle design load
conditions are generated. All steps are done using an EXCEL spreadsheet. One spreadsheet per
each load condition must be set. A typical load balancing spreadsheet is shown in Figure 9.

Resulting three forces and three moments from the Unit Loads analysis are copied to the
respective Unit Load entry in the spreadsheet and scaled to physically meaningful magnitudes for
aparticular load condition (see Notes 2 and 3 in Figure 9). Thereis alist of more than twenty
vehicle load sub-sets such as: lift, thrust, aero, nonstructural inertialoads, structural inertialoads,
fuel loads etc. Some of the scaling factors can be predefined and are based on known load
magnitudes during the vehicle flight stage or during vehicle ground operations on the launch pad.
Input, such as vehicle acceleration, from other programs such as POST — atrgjectory
optimization program [4] may be used (see Appendix A). For unconstrained type flight
conditions the other scaling factors must be cal culated during the vehicle balancing process so
that, applied normal forces, axia forces and pitching moments sum to zero (see Notes 4 and 6
in Figure 9). Therefore, these scaling factors, usually two to three, are treated as variables. This
requires application of the EXCEL spreadsheet Solver (see Figure 9, Note 5). Solver isan
optimization program which varies selected load scaling factors to achieve zero pitch moment
subject to zero constraints on net axial and net normal force and subject to other constraints on
flight loads. Outputs from the Solver are all computed scale factors. Constrained load conditions,
such as having the vehicle exposed to wind on the launch pad, do not need to be balanced. All
flight load conditions must be balanced.

Some flight load conditions, such as lift-off with impact considerations due to rapid thrust
build-up and hold-down release may require special treatment. A simplistic calculation of a
dynamic thrust factor for the liftoff condition is shown in Appendix H. Users may desire to
calculate this effect with other methodologies. The liftoff acceleration must be multiplied by the
dynamic magnification factor before being applied in the spreadsheet.
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3.2.3. Further Processing of Force and Pressure L oads

The goal of thistask isto organize design load case datainto aformat readable by I-DEAS. The
load scaling factors that were obtained in the EXCEL spreadsheets are applied to three distinct
groups of loads. These loads are then combined together into I-DEAS load conditions. The three
groups of loads are:

» Forceloads

* Pressureloads

» Acceleration loads

Multiple force or pressure |oads are combined into asingle I-DEAS loadset with a utility
computer program. The unit force (or pressure) loads are scaled and combined into force (or
pressure) model flight loads by a JAV A program (see Appendix F for the program execution
path). The program called “combine_loads’ requires two input files: the I-DEAS Universal file
which contains the Unit load definitions, and a text file which brings in information about scaling
factors and defines which unit loads need to be processed. Listing of thistext input fileis shown
in Table. 6.

Table6. An input filefor the JAVA “combine_loads’ program

zor an- wbQ04c- 2. unv Name of |-DEAS .unv file with Unit | oads

pressure This file will be use to conbine pressure (force)

4 Total nunber of Unit |oads to conbine

104 A new | oad set numher defined for |-DEAS

liftoff conbined pressure Nanme of a new | oad set in |-DEAS

6 10.3 7 22.0 17 1.36 21 1.36
Nunber and a scaling factor of
a Unit | oad

The output from JAVA “combine_|loads’ isanew I-DEAS Universal file that consists of asingle
combined force (or pressure) |oadset.

The Unit inertia (i.e. acceleration) loads have to be scaled in I-DEAS by the scale factors
obtained in the EXCEL spreadsheets as appropriate for each final design load condition

3.2.4. Final Assembly of Loadsinto Load Conditions

Thethree scaled load sets, i.e. the force, the pressure and the accel eration are then combined into
the unified load condition in I-DEAS. Thisload condition is used in a Boundary Condition set
and subsequently for a static solution set within I-DEAS so that the static analysis may be
performed.
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3.3. TheFirst Static Analysisand Structural Sizing

Theinitial FE model of the launch vehicle will be subject to a number of static load conditions
and preliminary internal running load distributions will be obtained at this stage. The internal
loads will be used to perform the first structural sizing of the vehicle. A model of the newly sized
vehicle, which has new stiffness and structural mass distribution, will be ready for a series of
analysis/sizing iterations whose goal is to produce minimum structural weight design of the
vehicle. This section deals only with the first in the series of analysis/sizing steps.

The process employs two commercially available softwares whose functions are coupled
together. The static analysis is done as a natural continuation to modeling in the I-DEAS Model
file. The structural element sizing is preformed in HyperSizer. The user is advised to become
familiar with these two programs. Only general outline of program capabilities and specifics
related to this procedure will be covered in this report.

3.3.1. TheFirst Static Analysis

Anaysisisdonein I-DEAS. After the final load sets are generated, three more preparation steps
arerequired. The Restraint Sets are built which define general boundary conditions of the vehicle
such as: vehicle on the launch pad, landing gear and free-free boundary condition. The FE model
does not have beam elements to model frames for concentrated |oad application to the model.
Therefore, the user must carefuly apply restraints, such as a nose gear restraint shown in Figure
10, to avoid application of concentrated loads normal to the plane of shell elements. Since only
half of the model has been generated, symmetric boundary conditions must be modeled. Then,
the Load Sets and Restraint sets are combined in the Boundary Conditions. Finally, a static
anaysisis selected in the Solution Sets.

There are two requirements imposed by HyperSizer on the IDEAS Universal file format:
* “Element Force” and “Shell Stress Resultant” outputs must be selected before running the
FE andlysis,
» theunits must be changed to “Inch (pound f)”.

The model and the results should be exported into an I-DEAS Simulation Universal file after the
static analysis.
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section near the Concentrated load

nose gear not normal to the
restraint plane of shell finite
elements

Figure 10. Nose gear restraint
3.3.2. TheFirst Structural Sizing

HyperSizer integrates in asingle tool structural design and analysis processes that are required to
size astructure. Finite elements are grouped together into the smallest practically manufacturable
pieces of structure called HyperSizer structural Components. Generally, Components may be
either panel or beam concepts which can be analyzed and optimized subject to the imported
running loads from I-DEAS and the pre-defined boundary conditions. Analyses include
traditional industry methods and modern analytical and computational solutions. The
optimization includes material selections and al of the dimensional variables such as panel and
beam shapes, thicknesses, stiffening webs and flanges, spacings, and depths. The Components
are organized into Groups that have the sameinitial input design parameters. Each Group
belongs to a structural Family. Structural Families include broad definitions for panels and beams
such as the “ Unstiffened plate/sandwich family”, the “ Corrugated stiffened family” etc. Within
each Family there are several choices available which finalize the construction details of a
concept.

The present launch vehicle structural design has utilized only the sandwich family with face
sheets of equal thickness and of isotropic material. The current procedure does not support the
use of other families or of beams. Thisis because there has not been an attempt to define
material orientation vectors for stiffened skin panelsin the I-DEAS-based part of the procedure,
and because the beam finite elements are not generated in an automatic way and therefore are not
available. All of the Groups are organized into a Project that contains all information about the
structure including the finite element mesh and loads.
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Following are the general steps for coupling FE analysis with HyperSizer.

* Project Preparation (create a Project, select the materials, setup project form).

* FE AnalysisImport (import FE model, check and combine |oad sets).

* Pre-Sizing Preparation (select structural Family, assign FEM structural Components to
Groups, select sizing variables and materials, build Assemblies, define panel buckling
geometry).

After HyperSyzer analyses the Components of a Group, each will have unique design variables
based as required upon Component loading and failure mode analysis. Groups can be reorganized
at any time during the analysisif the initial grouping requres revision. Once the Groups have
been established, each Component must be properly defined. This means the design variable
ranges, material choice options, and failure mode options for each group must be input. Related
to apanel based failure mode are panel length and width. These values will be read in directly
from the input file, but it may be necessary to adjust the nubers to represent the stiffener direction
or change in a span dimension assumed by the program. The honeycomb structural concept is
used here for weight estimation purposes. Honeycomb is easy to work with in terms of structural
analysis setup in HyperSizer and was sufficient to define data flow requirments. Future growth of
thisanalysis procedure will incorporate the full sizing capability of HyperSizer.

* Preliminary Sizing of a Component (single analysis on a Component, import FEA
running loads and review them).

* Final Preparations (select failure criteria and boundary conditions, select limits on
variables, check loads, pressure and FEA computed moments).

Three Group design variable ranges must be defined, top face thickness, bottom face thickness,
and core thickness. The user is advised to define the minimum gauge both for the face sheets and
for the core. Selection of the minimum and maximum group variable bounds and the number of
permutations may be guided by some industry standards. Proper selection of the variable bounds
will ensure a minimum weight solution. Note that these bounds apply to the whole Group, which
is an important consideration to have in mind when whole Project needs to be sized.

The user may adjust safety factors and failure modes. There are several factorsin HyperSizer that
may be set. By going into the “ Design-to-Loads’ tab the user can set arequired margin of safety
(MOS), amechanical design limit load factor, and a mechanical design ultimate load factor.
These setings are al very important when trying to simulate durability requirements.

* Sizeand lterate (size Assembly/Group, check safety margins and limits on variables).
The recomended procedure is to size an Assembly first and check which Group has the Margins
of Safety violated. Thisis an indication of an undersized structure. If a Group has minimum

group variable bound reached, that is an indication of possible oversized structure. This requires
that the variable bounds/permutations be adjusted.
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* SizetheProject .

After al of the setup of the HyperSizer model is completed and all Assemblies/Groups are sized,
the properties and materials (i.e. stiffness and weights) of the optimized structural components
are exported by HyperSizer in I-DEAS Universal file format. The I-DEAS Universal file output
is generated only when the entire Project is sized. The user should check that the proper field [i.e.
“FEM Properties and Materials Filename (created by HyperSizer)”] in the "Project Setup” form
isfilled up before sizing the Project.

3.4. Iteration between Static Analysisand Structural Sizing

The results of the first analysis and sizing are based on too many initial assumptionsto befinal. It
IS necessary to repeat the whole process to a satisfactory vehicle weight convergence and to a
final vehicle design.

The iteration procedure is very similar to the first analysis and sizing process but there are d'so a
few differences (see Appendix A).

A new I-DEAS Mode file should be generated and the I-DEAS Universal file which was
produced in the previous iteration need to be imported.

In the first iteration cycle only, the structural lumped masses which duplicate newly obtained
shell/panel weight must be deleted from the I-DEAS Modd file as obsolete.

If the variable bounds and permutations in HyperSizer were well posed during the first analysis
and sizing cycle, then there will be only small changes of the bounds in the successive iterations.

4. Integration With Other Vehicle Analysis Tools

Upon successful structural weight estimation, the vehicle weight results may be passed back to
the original codes (such as CONSIZE), from which they initiated, for update of input to these
codes. Output from these codes, in form of vehicle geometry and new weight distribution and
new external loads, will be a new input into the Structural Weight Estimation Procedure. This
proces may continue until there is satisfactory convergence of the vehicle design.

5. Conclusion

A process guide for utilization of 3D FEA and a commercia structural component design
program in launch vehicle structural weight estimation has been presented. The guide is being
presented at this time so users and developers of the technique have documented knowledge of
the stepsinvolved. There are indicated places in the procedure which currently are not highly
rigorous, especially with regard to mass distribution, element property region assignment, and
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airload distributions. This was done at the expense of having a more timely document. The
document defines the analysis stages, data flow requirements, and presents them to those who
will help implement the system in a more automated fashion. Current users of the process can be
more exacting in specific areas at their own discretion, the general procedure should still be
applicably. The process starts with a vehicle configuration and weight statement. It ends with a
structural weight estimation based upon static strength analysis of a shell element representation
of the vehicle. Such analysis capability provides weight sensitivity to structural arrangement,
structural concept, material property, and design load variations. Because of complexity, the
procedure is prone to user made mistakes. An effort to automate this process is underway and
should reduce both the number of mistakes and the analysis time. Ehancements in the way of
having more detailed finite element modeling and external load definition are aso planned for
the future.
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Appendix A. Detail Outline of the Procedure for Sructural Weight
Estimation
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Appendix B. Output from CONSIZE for WB004C Vehicle
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VA GII STATEMENT - LBVA 111

wp-004c, gr-ep Ih2, rs-2100 - 25 klb p/l, 51.6 deg incl.

8EEERE

28R
SENES)

88888 REBEER

R
o

8888

RIES

N
&)

885888

SHIBER

N
a1

R8R8

B

VA G (I b) ENTERS OF GV TY MM G- INRTTA
LBV (ft./ft. ) (slug-sq ft x10-6)
11 I | XX VYR 272/ XX YY zZ
1.0 Wng 24563. 0.974 0.000 0.000 0.725 0.193 0.913
Exposed w ng surface 18448. 0.994 0.000 0.000 0.704 0.087 .
CGarry-through 3599. 0.974 0.000 0.000 0.015 0.004 0.018
Wng-body fairing 2516. 0.825 0.000 0.000 0.006 0.001 .
20 Tail 4041. 1.063 0.000 0.000 0.407 0.002 0.407
3.0 Body 71493. 0.633 0.000 0.000 0.337 9.280 9.379
LH tank 24156. 0.335 0.000 0.000 0.133 0.425
Sructure 21047. 0.335 0.000 0.000 0.116 0.371
I'nsul ation 3109. 0.335 0.000 0.000 0.017 0.055 0.059
L® tank 16326. 0.844 0.000 0.000 0.093 0.091
Sructure 15100. 0.844 0.000 0.000 0.086 0.069
I'nsul ati on 1226. 0.844 0.000 0.000 0.007 0.022
Basic structure 21310. 0.738 0.000 0.000 0.091 2.88 2891
Nose section 2683. 0.088 0.000 0.000 0.005 0.007 O.
I ntertank 8032. 0.651 0.000 0.000 0.059 0.030 O
At body/ engi ne fairings 1988. 0.943 0.000 0.000 0.016 0.006 O.
Thrust structure cone 8608. 0.974 0.000 0.000 0.011 0.008 O.
Secondary structure 9701. 0.789 0.000 0.000 0.020 0.542 O.
Gewcabin, work station 0. 0.648 0.000 0.097 0.000 0.000 O.
PL bay doors & hardware 1595. 0.651 0.000 0.000 0.002 0.010 O.
'L bay support str. 2000. 0.651 0.000 0.000 0.003 0.012 O
P'L contai ner 2491, 0.651 0.000 0.000 0.003 0.015 O.
Base cl oseout str. 600. 1.000 0.000 0.000 0.003 0.001 O
Body flap 2199. 1.041 0.000 0.000 0.007 0.000 O.
At OWRCS pod str. 816. 0.987 0.000 0.000 0.003 0.000 O.
4.0 I nduced envi ronnent protection 29901. 0.603 0.000 0.000 0.219 3.020 3.
TS 27914. 0.601 0.000 0.000 0.219 2.833 2
Fusel age 18483. 0.422 0.000 0.000 0.145 0.056 O.
Wng & fins 9431. 0.950 0.000 0.000 0.074 0.029 O
Internal insulation 1004. 0.520 0.000 0.000 0.000 0.091 O.
Nose 233 0.088 0.000 0.000 0.000 0.000 O.
Payl oad bay doors 121. 0.651 0.000 0.000 0.000 0.000 O.
Equi pnent - bays 650. 0.651 0.000 0.000 0.000 0.000 O.
Rurge, vent, drn, & hazrd gas det 983. 0.750 0.000 0.000 0.000 0.000 O.
5.0 Whdercarriage and aux. systens 8727. 0.661 0.000 0.000 0.066 0.762 O.
Nose gear 1356. 0.117 0.000 0.000 0.000 0.000 O.
Runni ng gear 257. 0.117 0.000 0.000 0.000 0.000 O.
Sructure 998. 0.117 0.000 0.000 0.000 0.000 O.
Qontrol s 100. 0.117 0.000 0.000 0.000 0.000 O.
Mi n gear 7371. 0.761 0.000 0.000 0.066 0.000 O.
Runni ng gear 3153. 0.761 0.000 0.000 0.028 0.000 O.
Sructure 3802. 0.761 0.000 0.000 0.034 0.000 O.
Qontrol s 417. 0.761 0.000 0.000 0.004 0.000 O.
6.0 Propul sion, nain 69041. 0.988 0.000 0.000 0.139 1.267 1.
Engi nes 47157. 1.040 0.000 0.000 0.113 0.028 O.
Feed system 12779. 0.900 0.000 0.000 0.013 0.010 O.
Pressuri zati on system 862. 0.900 0.000 0.000 0.001 0.001L O
Gnbal actuation 3652. 0.975 0.000 0.000 0.009 0.002 O.
Eng nounted heat shl d 1623. 1.020 0.000 0.000 0.004 0.001 O.
Hel i umpnuenati c & purge system 2967. 0.566 0.000 0.000 0.000 0.000 O.
7.0 Propul sion, reaction control (RCS 4908. 0.654 0.000 0.000 0.022 0.812 O.
Thrusters and supports 650. 0.902 0.000 0.000 0.003 0.158 O.
Pnd 61. 0.088 0.000 0.000 0.000 0.008 O.
At 589. 0.987 0.000 0.000 0.003 0.079 O.
Propel | ant tanks 1731 0.566 0.000 0.000 0.008 0.231 O.
DOstribution &recircul ation 2526. 0.650 0.000 0.000 0.011 0.337 O.
Lines, manifolds, &regulators 2043. 0.650 0.000 0.000 0.009 0.272 O.
Val ves 470. 0.650 0.000 0.000 0.002 0.063 O.
Hectric punps 13. 0.650 0.000 0.000 0.000 0.002 O.
Pressuri zation (included in QW 0. 0.566 0.000 0.000 0.000 0.000 O.
8.0 Propulsion, orbital naneuver (QMH 3168. 0.693 0.000 0.000 0.018 0.224 O.
Engi nes 699. 0.987 0.000 0.000 0.004 0.000 O.
Propel | ant tanks 975. 0.566 0.000 0.000 0.006 0.000 O.

§8
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100nm alt. circul arization prop.
220nm alt. transfer/circ. prop.
Space station approach propel | ant
Deorbit propel | ant

PRELANH GRS

Prel aunch gross
Sart-up | osses
LH2
L
Goss lift-off
Ascent propel | ant
LH
L
Insertion (50X100 nmi orbit)
Ascent reserves
LH
L
OMB propel lant - burn 1
Insertion (100 nni circular orbit)
\ent ed ascent propel | ant
QMBS propel lant - burns 2 & 3
Insertion (220 nni circular orbit)
OMS propel lant - station approach
RCS propel | ant
Payl oad del i vered
Payl oad accept ed
Fuel cell reactants
Bvaporat or water supply
Hel i um suppl y
OMB propel | ant - deorbit
Entry
RCS prop. (entry)
Buoyancy
Landed
Payl oad (ret urned)
Landed (p/| out)
Payl oad acconodat i ons
Per sonnel
Qew & gear
Accessori es
M n prop. sys. pressurant
Subsyst emresi dual s
Aux. propul sion residual s
QW6 and RCS
Aux. propul sion reserves
avs

RCS
Buoyancy
Enpty wgrow h
Landed - RILS abort (nax. p/l)

2330.
10289.
2392.

2996427.
0.
2996427.
-37011.
- 4685.
- 32326.
2959416.
- 2602362.
- 329459.
- 2272903.
357055.
-7927.
-1003.
-6924.
- 2331
346797.
-10373.
-10289.
326136.
-2392.
- 3000.
- 25000.
25000.
-1612.
-2427.
-136.

0.

0.
-3211.
-858.
-2128.

-2128.
- 2000.

-896.

-1104.
8480.
273381
325274.

* INOCATES VE G IS NOT WTH N LIMTS OF VA GAT BQUATI ON

wb-004c, gr-ep | h2, rs-2100 - 25 kb p/I, 51.6 deg incl.

DES GN DATA

growt h al | onance fraction

payl oad wei ght (1 b)

addi tional down-payl oad (1b.)

payl oad bay dianeter (ft.)

payl oad bay length (ft.)

payl oad vol une (cu. ft.)

mssion duration (days), nax.

ons delta v for tank sizing (ft./sec.)
ons deltav (ft./sec.) - burn 1

0. 1500
25000. 0000
25000. 0000

15. 0000
35. 0000
6185. 0000

1100. 0000
91. 0000

OCOO0OO0O0O0OO«
I :ERE

[BINR
ov%oc»

0.727

a~Na
FES

o ~N o~
BEEEBEAESE
AN~
OO0O0O0O0000O00000O0O00O00OO0O0O0O00O0O0O00O00O0O0OO00O00O0O00O0O0O0O000O0000

S8888855852555825555550558505880508505885058855888
SE888855885555825555505585050550588505855058800888

gaagag
DA D

OCOO0OO0O0O0O0O0O0O0O0O0O00O0O0O0O0O0O O
oo R Rl

828

0.014
0.062
0.014
0.054 0.054
10. 803 175. 422 180. 656
0.000 0.000 0.000
10. 803 175. 422 180. 656
-0.115 -1.829 -1.876
-0.015 -0.057 -0.061
-0.100 -0.073 -0.116
10. 687 173.590 178. 777
- 8. 098- 128. 604- 131. 932
-1.048 -3.986 -4.289
-7.050 -5.161 -8.186
43.217 45.075
-0.364 -0.364

0.014
0.062
0.014

2888

o1 ¢

2828
:

.
NY<
a8
[N

0. 000

SbomOS
88RERE
g
o
&

T
F98E3EE888Ek

CONDOOOOOC
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]
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88
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2.374

88288888888
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'
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ons delta v (ft./sec.) - burn 2
ons delta v (ft./sec.) - burn 3
ons delta v (ft./sec.) - station appr.
ons delta v (ft./sec.) - deorbit
lift-off t/w

nai n eng. t/w (vacuum)

nain eng. isp (vacuun)

t hi ckness/ chor d

aft done to end of thrust str. (ft)
bal last w fraction

nose area (ft"2)

body length (ft)

body wdth (ft)

body wetted area (ft"2)

body vol une (ft~3)

intertank area wo doors (ft"2)
aft skirt area (ft"2)

base heat shield area (ft"2)

Lh2 tank vetted area (ft"2)

Lox tank wetted area (ft"2)
packagi ng effi ci ency

w ng-body fairing area (ft"2)
carry through wdth (ft)

exposed wng root chord (ft)
exposed w ng taper ratio

exposed w ng span (ft)

exposed w ng aspect ratio
exposed w ng pl anformarea (ft"2)
exposed wng vwetted area (ft"2)
cos of sweep of exposed midChord
tip fin planformarea (ft"2)
body flap pl anformarea (ft”2)
nass ratio

S 21 NG PARAMVETERS

Miss ratio

Propel l ant nass fraction

Body length (ft.)

Wng span (ft.)

Theoretical wng area (sq. ft.)
Wng | oading at design w (psf)
Wng pl anformratio, sexp/sref

Sensitivity of volune to burnout w (cu. ft./klb.)

Burnout weight growth factor (1b/1b)

Total volune (cu. ft.)
Tank vol une (cu. ft.)

F xed vol une (cu. ft.)
Tank efficiency factor
Ul age vol une fraction

DENS TY
PROPELLANT FRICTON  (Ibicu. ft.)
I h2 0.1266 4.42
I o 0.8734 7114
I o (Wng) 0.0000 7114

212. 0000
210. 0000
100. 0000
392. 0000
1. 2000
86. 9200
443. 0000
0. 1000
10. 5000
0. 0140
2416. 7896
227.2194
32. 9758
21539. 0313
168251. 4687
4897. 5361
1790. 7111
205. 1748
10871. 0576
5284. 7466
0. 6637
2515. 9951
32.9758
56. 4371
0.3201
79. 9391
2.1459
2977.8716
6170. 1528
0. 8872
542. 3400
614. 1485
8.2834

BDY WNG

168251. 13431
111677. 0.
0. 0.
0. 6637 0. 0000
0. 0300 0. 0300

AUDWLWE TAXK VOWME

(cu. ft.)
78170.
33507.

0.
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Appendix C. |-DEAS, Version 6, Program File for Generation of
Geometry and Finite Element Meshing of Fuel Tanks
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ARARARARARROARRRAARAARARARAARAARRAARARARARAARAARRROROOARARARRAARXRORARROOZZ2E2>22P2>AXX0O
P L~ L ™ L L™ e

units preference

$ return
$ nmpos :; /OUU
i nch
1 8 Change Vi ew
10000
0.0 0.0 0.0
1. 000000 0.0 0.0
0.0 1. 000000 0.0
0.0 0.0 1. 000000
0. 1250000 0. 2520000 0. 2520000
-1. 000000 -1. 000000 -1. 000000
1. 000000 1. 000000 1. 000000

setup vari abl es

use gl obal synbol for conponent nane
/options global _synbols on

enter conp_nane

"l ox_t ank"

#x_of f set =424. 515
#x_rotation=90.
#r1=191. 84
#eccl=sqrt(2)/ 2.
#barrel | en=987. 168
#r2=191. 84
#ecc2=sqrt(2)/ 2.

$ return
fromlox_tank zx.prg
below is born.prg type file
$ return

local switch off

$ /wgl:

$ npos :; /ma na
LAB

B

mai n

n
conp_nane
ok

done

$ return
$ /cr ref cs
LAB
conp_nane
cs

cs2

tra

x_offset .0 .0

r ot

X_rotation .0 .0
done

attach to part, coord system plane
$ /w at

LAB

conp_nane

coordi nate

cs3

xy_pl ane

15. 00000
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ORRNRITARAARARARARAAARARARARAAARARARARAARAARARARARARARAARARARARARAARARARNRANOARRARARARAARARARARARAORTDOARAARARARARARAARRRNORR

$ npos :; /v wp

$ return

create fwd ellipse
$ /cr el co

FX -rl*eccl
Fy .0

SX .0

SYril

TX -rl1l*.5
TY r1*.707
RO .41
OKAY

$ return
create aft ellipse
$ /cr el co
oP
FX barrel | en+tr2*ecc2
FY O
SX barrel _len
SY r2
TX barrel len+r2*.5
TY r2*ecc?2
RO . 41
OKAY
Create tangent line to tops of fwd and aft domnes
$ return
$ /cr | si
oP
FX .0 Fy r1
SX barrel _len SY r2
OKAY
$ return
$ /cr se
oP
AU
Y
ST
N
kay
LAB
conp_nane
curve
2
done
RE
| abel
conp_nane
section
1
KEY
1000
angl e
-180
ok
$ return
start sinulation
$$3$/ta xx Sl
$$3$/ta ME
start groups
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AARAARARARAARAARARARARAARAARARARARAARARARARARAARAARARARARARARRRNOARARARARARNAARARARAARARARNAARARAARARARNARARAARARARNARARAARARARNARARAARRARAR

$ nmpos :; /IR IP D
F

fem one

ok

$ return

/

group create
| abel

sur face
j 0i n5

3

done
fwd_done
/gr cr

| abel

surface
j oi n5

2

done
barr el

/ gr

cr

| abel

surface

j oi n5

1

done

aft _done

nmesh aft done

set
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AARAARARARAARAARARARNOARARARARARAARAARARARARAARAARARARARARAARARARARARZROORARARARARARARNAARARAARARARNAARAARARARNARARAARARARNARARAARRARAR

© = Ol
3

€®“ O *xa

vie redi; don
DFE

!

FU

$

DFE

|

Canc

PM

PM

kay
from domenesh file worked ok
aft done
defi ne
SH

| abel

j oi n5
1

done
MI VA
MO
DC
LAB

5

1
DFE

10

10

barr el
defi ne
sh

| abel

joinb
2

done
MI MA
MO
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ORARAARORARARAARAARARARARAAARARARARAARARROARZTROORARARROARARARARRNOARARAARARARARARAARARARARAARRRNOARARRRARAARRN

1

DFE
was 5
0

CANC
PM
OKAY

/ group

set _current

fwd_done

Di spl ay_group

used to add entities to a group in this case
related el enents added to a surface
/ group

set _current

(variabl e) name of group

aft _done

Di spl ay_group

add

related to

ELEM

LAB

| abel

filter

pi ckabl e_menu
3

done

pi ck_only

surface

joinb

(variable) surface |abel to add el enents to
1

done

done

DG

used to add entities to a group in this case
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rel ated el ements added to a surface
/ group

set _current

(variabl e) nane of group

fwd_done

Di spl ay_group

add

related to

ELEM

LAB

| abel

filter

pi ckabl e_menu
3

done

pi ck_only

surface

j oi n5

(variable) surface |abel to add elenents to
3

done

done

DG

used to add entities to a group in this case
related el enents added to a surface

/ group

set _current

(variabl e) nane of group

barrel

Di spl ay_group

add

related to

ELEM

LAB

| abel

filter

pi ckabl e_menu
3

done

pi ck_only

surface

joinb

(variable) surface |abel to add elenents to
2

done

done

DG
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Appendix D. Listing of I-DEAS Finite Element Property Assignment Program

AARAARAARAARRTOOARARARAROARARARARAARAARAARAARARARARAROARARRNOORARARAARAARAARAARNORARARAARARNOORARARARARAARARARRARRO

Zoran's Program for property assignment
el no=1
el max=1
nt h=5
tinc=.00
t hk=. 001
prefix="
#input "starting elenent no. =>" elno
#i nput "endi ng el ement no. =>" el nax
#i nput "how nmany el enents per property car =>" nth
# nt hmax=nt h+1
#input "property prefix string =>" prefix
#input "starting thickness minus .001 =>" thk
First property setup
if (0 EQO) then; ,
pnane=pr ef i x+el no; ,
t hk=t hk+tinc;
iter=0
/ph cr; ,
cry, .
tn; ,
pnane; ,
no;
tk;
thk; thk; thk; thk; |,
done
DES
first pause
Loop over all elenents
# | oopl:
# iter=iter+l
# output "iter is iter
New property if at right increment
# if (iter GI nth) then;
# pname=pr ef i x+el no;
# t hk=t hk+tinc; |,
# iter=1; ,
/ph cr; ,
thin_shell;
pnane; ,
no;
tk;
thk thk thk thk; ,
done
DES

HHHH

/ el ement
nodi fy
| abel
el no
# ON_ERROR | GNORE
# ON_ERROR GOTO ski pl
done
P
pname
yes
# output "elno prop nodified"
# skipl:



K: # el no=el no+1
K: #if (elno LE el max) then #GOTO | oopl
E : **** END OF SESSI ON ****



Appendix E. Listing of CONSIZE_MOD.txt file

From 1:\Zoran\ VAB\ Son of HAVOC\ wb004c. xI s

V\EI GHT STATEMENT - LEVEL 11

wb004c ext er nal "p/l, ssnme bl ock2
CONSI Z_Conponent FEA GROUP Wi ght Mappi ng
begi n_conponent s
W ng_exposed Wi ng_exposed 18448 conponent
Wi ng_carrythru wi ng_carrythru 3599 conponent
wi ng_fairing wi ng_fairing 2516 conponent
vert _fin vertical _tail 4041 conponent 0
nose_assy nose_assy 2683 conponent 0 0
LOX _t ank | ox_tank 15100 component 0 0
LOX _cryo_i nsul | ox_tank 1226 conponent 0
i ntertank_assy i ntertank_assy 8032 conponent
LH2_t ank | h2_t ank 21047 conponent 0 0

LH2_cryo_i nsul | h2_t ank 3109 conponent 0
payl oad_bay fusel age_si de 6086 fofx 1574 1974
thrust_str thrust_str 8608 conponent 0 0
aft _bd_eng fair aft _bd_fairing 1988 conponent
aft _oms_pod aft_bd_fairing 816 fof x 2630 2730
base_ cl oseout base_ cl oseout 600 conponent
body_fl ap_assy body_fl ap_assy 2199 component
t ps_fusel age nose_fus_thrust 18483 conponent
tps_wing fin tps_wing fin 9431 conponent
i nsul ati on_nose nose_assy 233 conponent 0
i nsul ati on_pl _door fusel age_top 121 f of x
i nsul ation_equip fuselage_top 650 fofx 1574
purge_vent drain fusel age_side 983 fofx 500
nose_gear nose_bot 1356 fofx 240 400
mai n_gear mai n_gear 7371 conponent 0 0
mai n_engi nes thrust _str 69041 fofx 2600 2700
rcs_systemfwd fusel age_si de 4257 fofx 1500
rcs_system aft thrust _str 650 fof x 2460 2470
oms fusel age_si de 3168 fofx 1860 1970
pri me_pw nose_assy 3256 fofx 200 280
el ec_conv_di st nose_assy 1705 fofx 200 280
elec _circ fusel age_si de 4974 fofx 1200 1600
el ec_cabl fusel age_si de 1359 fofx 1600 1970
cs_actuation_el Wi ng_rear_spar 1427 conponent
cs_act_fin fin_rear_spar 741 conponent 0
cs_actuati on_bf bodyf | ap_spar 1141 conponent
avi oni cs fusel age_si de 1314 fofx 560 760
env_ctrl fusel age_si de 2637 fofx 560 1010
bal | ast nose_assy 3328 fofx O 180
growt h_conti ng nose_fus_thrust 35658 component
payl oad i ntertank_assy 25000 component 0
resi dual _fluids fusel age 6198 fofx 1000 2000
reserve_fluids fusel age 9927 fofx 2000 2100
i nflight_|osses fusel age 14548 fofx 1000 2000
propel lant _rcs fusel age_si de 3988 fofx 1500
propel | ant _omns fusel age_si de 24014 fofx 1500
end_conmponent s

enpty 237724 338716 100992

sum 357057 536281 179224 ok

[oleoleoNe]

o o

o

[eoloNolNoNe) o

1574
1974
2730

1880

(eoNoNe)

1600
1600

o

eololoNe)

1974



Appendix F. Listing of Commandsto run JAVA Programs

# alias consi z2unv java -cl asspath ~/j avacode/ publ i ¢ consi z2unv junk.unv tsto_consiz.in.txt nasses.prg
alias consiz2unv java -cl asspath ~cerro/j avacode/ publ i ¢ consi z2unv  $1 $2 $3

# java -classpath ~cerrol j avacode/ publ i c:. conbi ne_| oadsets input_filenane output_unvfil e nane
alias conbi ne_| oadsets j ava -cl asspath ~cerrol j avacode/ publi c:. conbi ne_| oadsets $1 $2
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Appendix G. Typical Tank Head Pressure |-DEAS V6 Program File

Start USER | NPUT

position positive point on neg side to reverse pressure sign
/options global _synbols on
enter |dst_nane

yes

"1 h2_40%2.93 0_0.17"
/options gl obal _synbols on
enter grp_nanme

yes

"l h2_tank_el ement s"

# ullage=.0

# rho_g=. 0075042

Vehi cl e accel eration
ax=-2.93

ay=.0

az=-0.17

decl are pos(3)
pos(1)=1441.

pos(2)=.0

pos(3)=.0

ND USER | NPUT

decl are pos2(3)
pos2(1)=pos(1)-100.
pos2(2) =pos(2)
pos2( 3) =pos( 3)

ax=- ax

ay=-ay

az=-az

return

FOHHFRHRHFRHFHRF MIHRIFHFHHHR

make_current
Canc

CR

AD

H

uG
directory
next
backup

gr p_nane
done

AROOARARARARARARAARARARARAARARARARAARARARARAARAARARARARARAARARARARAAOORRARAARARARANOARRARARARAARRRRAROO
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AAARAARAARARAARARARAARARAARARARR

PO

KEY

ax ay az
KEY

pos

KEY

pos2

ul | age
rho g

$ return
$ npos :; /IOP
U

Y
Ckay
$ return
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Appendix H. Calculation of Dynamic Thrust Factor for Liftoff Condition
Based on Dutch Mayer’s Internal Memo

List of Symbols:

W = Vehicle weight at liftoff

Ta= Axia component of the thrust force at liftoff
Tn =Norma component of the thrust force at liftoff

Before engines ar started, the weight W of the vehicle is supported solely at the eight tiedown
mounts. Figure G1 is asimplified cartoon representation of the vehicle that shows only onetie-
down mount on the bottom left of the vehicle and one engine mount on the right. There are
actually six engine mounts in the full vehicle.

Define thrust to weight ratios: Ta/W =ta, and Tn/W =tn. ThenTa=taW,and Tn=tn W.

a a a

w w (2taa)W
Tie-Down I Engine
mount
tnw tnwW tnwW tnw
T_I « - > — -
w (ta)W  taw (ta)W taw
Prior to engine start up Engine start up Vehiclereleased

Figure G1. Free Body Diagram of a Launch Vehicle During Liftoff

The engines are then lit, and supply ta W axial thrust and tn W normal thrust at the engine
mount. The second free body diagram in Figure G1 shows the “quasi” static condition. Theta W
axial thrust is supported by the weight W of the vehicle and and areaction (ta-1) W at thetie-
downs. The transverse thrust tn W is supported solely at the eight tie-down mounts.

Finally, the tie-down bolts are relised and the reaction forces “ spring back”. Because of this
dynamic phenomena, thereis now (ta-1) W + taW = (2ta-1) W axia thrust and 2tnW normal
thrust. Thisequalsto a(2ta-1) W/(ta W) = 2-(1/ta) axial dynamic factor, and 2tn W/(tn W) =2
normal dynamic factor.
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